The wrapping method using biodegradable felt strips has a preventive effect on the thinning of the aortic wall: Experimental study in the canine aorta  by Fujiwara, Hidenori et al.
The wrapping method using biodegradable felt
strips has a preventive effect on the thinning of the
aortic wall: Experimental study in the canine aorta
Hidenori Fujiwara, MD,a Katsuhiko Oda, MD,a Yoshikatsu Saiki, MD,a Naoya Sakamoto, PhD,b
Toshiro Ohashi, PhD,b Masaaki Sato, PhD,b Yasuhiko Tabata, PhD, DmedSc, D.Pharm,c
and Koichi Tabayashi, MD,a Sendai and Kyoto, Japan
Objectives: Wrapping methods have been widely used to reinforce the anastomotic site in vascular surgery; however,
postoperative changes in the aortic wall wrapped by nonbiodegradable felt have not been well characterized. The purposes
of this investigation are to elucidate the sequelae of wrapping with nonbiodegradable felt on the aortic wall and to modify
those changes by using biodegradable felt with or without basic fibroblast growth factor (bFGF).
Methods: The descending thoracic aortas of 15 beagles were wrapped with three different materials: nonbiodegradable
polytetrafluoroethylene (PTFE) felt, biodegradable polyglycol acid (PGA) material, and PGA with 100 g bFGF (n 5
in each group). The descending thoracic aorta was resected after 3 months. The thickness of the aortic wall, vessel density
in the media and the adventitia, and the wall strength were assessed. Untreated native aortic wall served as a normal
control.
Results: The thickness of the media of the PTFE group was lower than that of the PGA  bFGF group (66%  5% vs
85%  6% of control, P < .05). The adventitia-media ratio in the PTFE group decreased compared with controls (59.1%
of normal, P < 0.05), whereas those in the PGA and PGA  bFGF groups increased (172.1% and 189.6% of normal,
respectively, P< .01). The collagen-smooth muscle ratio in the media was higher in the PTFE group than in the controls
(0.14 0.02 vs 0.07 0.01, P< .01). The number of vessels in the adventitia was higher in the PGA bFGF group than
those in PTFE or PGA groups (29.6  2.5/mm2 vs 6.4  0.8/mm2, 19.0  1.1/mm2, P < .01). The PGA  bFGF
group demonstrated larger failure force than the PTFE group (4.0 0.3 kgf vs 1.6 0.3 kgf, P< .01). The failure stress
in the PGA and PGA  bFGF groups was larger than that in PTFE group (PTFE:PGA  bFGF  5.3  0.9 102
kPa:11.7  1.7  102 kPa, P < .01; PTFE:PGA  5.3  0.9  102 kPa:11.2  1.2  102 kPa, P < .05).
Conclusion:The aortic wall wrapped with nonbiodegradable PTFE felt showed a reduced thickness and diminished vessels
in the adventitia. Biodegradable felt (PGA), with or without bFGF, modified these histologic changes. The vessel-rich
thickened adventitia, after wrapping by PGAwith bFGF, was associated with increased aortic wall strength. (J Vasc Surg
2006;43:349-56.)
Clinical Relevance: This investigation was conducted in an attempt to elucidate mechanisms underlying the
occurrence of late postoperative false aneurysm after aortic surgery. We hypothesized that sustaining compression of
the aorta by the felt strip may cause structural derangement and local ischemia on the aortic wall. We used a simple
wrapping of the aorta with a felt strip rather than a felt strip at anastomotic sites to simplify the experimental model
and to exclude confounding factors brought by technical inconsistency on the surgical anastomosis. We further
attempted to find a clue for preventing adverse effects of wrapping with a conventional felt strip. Practically, we
pursued a possible application of a biodegradable felt strip to aortic wrapping in our experimental model before we
proceed in a clinical application of the new material.The excision of an aneurysmal aorta and its replacement
with prosthetic arterial substitutes has become the standard
method of surgical intervention for aneurysms of the aorta.
With the increased use of synthetic grafts in vascular sur-
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doi:10.1016/j.jvs.2005.09.044gery, however, hazardous complications have also been
reported, including graft infection or anastomotic false
aneurysms. Although aortic false aneurysms are rare com-
plications of surgical manipulation of the aorta, occurring
in 0.5% of cardiovascular surgical cases,1 serious conse-
quences can occur. Accordingly, it is essential to prevent
the occurrence of postoperative anastomotic false aneu-
rysms, which are a potential risk after vascular surgery in
which synthetic prostheses are used.
The wrapping method is occasionally used out of ne-
cessity to ensure hemostasis and to reinforce the anasto-
motic portion; however, little information is available on
the long-term pathohistologic and biomechanical changes
at anastomotic site. Kinefuchi et al2 previously reported
that the use Dacron or expanded polytetrafluoroethylene
(ePTFE) materials to wrap the aorta leads to aortic wall
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not observed at the 1-month period. The cause of such
thinning of the aortic walls therefore appears to be com-
pression of the anastomotic site. We hypothesized that
wrapping with biodegradable felt may provide a reduction
in compression of the aortic wall by way of gradual degra-
dation without losing the merits of the wrapping tech-
nique.
It has been widely recognized that growth factors
greatly contribute to tissue regeneration at different stages
of cell proliferation and differentitiation.3 Among the
growth factors essential for tissue regeneration, basic fibro-
blast growth factor (bFGF) is a potent mitogen for mesen-
chymal cells. It is also known to induce neovasculariza-
tion,4-5 osteogenesis,6-7 and nerve regeneration.8-9 Several
studies have been performed to establish the control-
release of bFGF for local application over an extended time
period by the use of different carriers.10-12 Tabata and
Ikada13 designed a control-release system of bFGF com-
posed of acidic gelatin with an isoelectric point of 5.0 that
forms a poly-ion complex with bFGF. Acidic gelatin hydro-
gel that incorporates bFGF has been shown to significantly
enhance the angiogenesis in a rat myocardial infarction
model14 and osteogenesis in a rat sternal-healing model.15
We therefore hypothesized that bFGFmay accelerate tissue
healing at the wrapping site by means of angiogenic action.
The purposes of this investigation are to elucidate the
sequelae of wrapping the aortic wall with nonbiodegrad-
able PTFE felt and to modify those changes by using
biodegradable polyglycol acid (PGA) felt with or without
bFGF.
MATERIALS AND METHODS
Materials. An aqueous solution of human recombi-
nant bFGF with an isoelectric point of 9.6 (10 mg/mL)
was supplied by Kaken Pharmaceutical (Tokyo, Japan). A
gelatin sample with an isoelectric point of 5.0 (Nitta gela-
tin, Osaka, Japan) was extracted from bovine bone (type I
collagen) by the alkaline process. Glutaraldehyde, glycine,
and other chemicals were purchased from Wako Pure
Chemical Industries (Osaka, Japan) and used without any
further purification. The PTFE felt (porosity of1700 mL/
min/cm2/H2O) was purchased from Kouno Co., Chiba,
Japan.
Preparation of gelatin-coated felt strip. The prepa-
ration of gelatin hydrogels was performed according to
Tabata’s method.16 Briefly, 400 L of glutaraldehyde
aqueous solution (25 wt%) with 200 mL of 5 wt% gelatin
aqueous solution was preheated to 40° C and the PGA felt
strip (Gunze Co, Kyoto, Japan) was soaked in the mixed
aqueous solution. In the gelatin coated PGA felt strip,
crosslinking was allowed to proceed for 12 hours at 4° C,
and the resulting PGA felt strip was then immersed in
50 mM glycine aqueous solution at 37° C for 1 hour to
block residual aldehyde groups of glutaraldehyde. Then the
PGA felt strip was rinsed three times with double-distilled
water (DDW) at 37° C and freeze-dried. The dried PGA
felt strip was finally sterilized by ethylene oxide gas.Preparation of bFGF–incorporating gelatin hydro-
gels. The original bFGF solution was diluted with DDW
to adjust the solution concentration. The aqueous solution
containing 100 g bFGF was then dropped onto a freeze-
dried gelatin hydrogel-coated PGA felt strip to combine
bFGF with the felt strip. The bFGF solution was com-
pletely soaked into the gelatin hydrogel by swelling at
25° C for 1 hour.
Operative procedures. The experiments were carried
out on 15 beagles weighing 9 to 12 kg. The dogs were
treated in accordance with the Declaration of Helsinki and
theGuiding Principles in the Care and Use of Animals. The
experimental and animal care protocol was also approved
by the Animal Care Committee of the Tohoku University
School of Medicine.
Thiopental was used for the induction, and general
anesthesia was maintained by the inhalation of sevoflurane.
The descending aorta was exposed through a lateral thora-
cotomy incision. We wrapped the aorta with three kinds of
materials at the 4th and 8th intercostal space level. The
beagles were divided into a PTFE felt group, a PGA felt
group, and a PGA felt with bFGF (PGA  bFGF) group.
Before wrapping, the circumference of aorta was measured,
and a felt strip was cut to the circumference of the aorta plus
1 mm in length. The width of each felt strip was 15 mm.
Wrapping with the felt strip was performed with a horizon-
tal mattress suture using 5-0 Prolene (Ethicon, Inc, Som-
erville, NJ) (Fig 1, A).
The dogs were sacrificed 3 months later, and the de-
scending aorta was resected. The felt was not dissected off
of the aortic specimens at the time of sacrifice to avoid an
injury to the aortic wall. The proximal site of the wrapped
aorta was used for microscopic examinations to evaluate the
thickness of the media, the number of vessels in the media
and the adventitia, and the collagen-smooth muscle ratio in
the media. The distal site of the wrapped aorta was used to
assess the wall strength by the tensile test described below.
To evaluate the vessel number and the wall strength, native
aortas at the 4th and 8th intercostal level from four un-
treated beagles were used as a control.
Histologic analysis. The wrapped sites were cut and
fixed in 4% formalin solution and embedded in paraffin.
Two portions were cut from the specimen, and then the
transmural sections were stained with elastica-Masson
(EM) and hematoxylin-eosin (HE) for microscopic exam-
inations to determine the thickness of the media and the
adventitia in each segment. The wrapped sites were stained
with antifactor VIII antibody (Cedarlane Laboratories,
Hornby, Ontario, Canada) to detect the vessels more pre-
cisely. In the media and the adventitia, the number of
vessels per mm2 at the wrapped site was counted in eight
randomly chosen fields per slide by two blinded patholo-
gists. The average number of the vessels per slide was used
to assess the vessel density. In each group of slides, mouse
immunoglobulin G (DakoCytomation, Glostrup, Denmark)
was used on one slide as a negative control for antifactor
VIII.
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(Tw) was measured by using EM stain. The cross-sectional
area of the media (Am) and the outer circumference (Do)
and inner circumference (Di) of the media were mea-
sured. The mean thickness of the media was calculated
based on the following relationship17: Tw  2Am/(Di 
Do) (Fig 1, B).
The same measurements were made for each control
section, which was obtained from the 2-cm proximal site of
the wrapped site, and the mean thickness of the control
section (Tc) was obtained. The value of Tw/Tc was used to
assess the thickness of the media. To analyze the histologic
change in the adventitia, the cross-sectional area of the
adventitia (Aa) was measured. Then, the value of Aa/Am
was used to assess the adventitia-media ratio. These histo-
Fig 1. A, A schematic drawing of aorta wrapped with t
intercostal space level. The width of the felt strip was 15
circumference of the wrapped site. B, A schematic drawin
the media (Am) and the outer (Do) and the inner (Di) c
used to calculate the mean thickness of the media in
cross-sectional area of the adventitia (Aa) was measured
for the longitudinal extension of the aortic specimens.logic measurements were performed with Image-Pro Plus(version 4.0) (Media Cybernetics, Silver Spring, Md) for
Windows (Microsoft, Redmond, Wash).
Histologic analysis by using the color classification based
on Mahalanobis’ generalized distance18 was performed, and
the collagen-smooth muscle ratio in the media was mea-
sured. For collagen fibers and smooth muscle cells, the area
fractions of each structural component were quantitatively
determined by image analysis with IP Lab Spectrum (ver-
sion 2.3) software (Signal Analytics Corp, Fairfax, Va). Struc-
tural components in the histologic image were classified by
their color tones to obtain area fraction values. Similarity
between colors was determined with Mahalanobis’ gener-
alized distance in (R, G, B) color space from predetermined
color tones. First, three color tones (R, G, B) representing
various colors in the histologic image were specified by an
t strip. The aorta was wrapped at two sites, 4th and 8th
nd the length of the felt strip was 1 mm longer than the
the cross section of the aorta. The cross-sectional area of
ference of the media were measured. These values were
section. To calculate the adventitia-media ratio, the
schematic diagram of the tensile testing apparatus usedhe fel
mm, a
g of
ircum
each
. C, Aoperator. Then, in the region of interest, the pixel of the
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color tone was classified into this color tone. The area
fraction occupied by each component in the region of
interest is calculated by:
Area fraction number of pixels of each component ⁄
total number of pixels
Collagen-smooth muscle ratio area fraction of
collagen ⁄ area fraction of smooth muscle
Tensile testing. To determine the failure force and
the failure stress, the aortic specimens from each of the
three study groups were placed between the jaws of a tensile
tester (Autograph AGS-50D type III, Shimadzu Co,
Kyoto, Japan) (Fig 1, C). The tensile tests were performed
along the longitudinal axis of the arterial segments. No
preload was applied to the specimens. Each specimen was
tested at a constant elongation rate of 3 mm/min until
failure. The cross-sectional area of the specimen was mea-
sured at failure site by using a microscope. The maximum
tensile force was named the failure force, and the failure
stress was determined by dividing the failure force by the
cross-sectional area.
Statistical analysis. Statistical analysis was performed
by using Excel (Microsoft, Redmond, Wash) for Macin-
tosh (Apple Computer, Inc, Cupertino, Calif) with the
add-in software StatMate III (ATMS Co, Ltd, Tokyo,
Japan). The data were analyzed by one-way analysis of
variance (ANOVA). If the ANOVA finding was significant,
then the Tukey-Kramer multiple comparison test was used
as a post hoc test. Experimental results were expressed as
mean  standard error of the mean (SEM). A difference
with P  0.05 was considered significant.
RESULTS
Survival and macroscopic findings. All 15 beagles
survived for the 3 months of the study period. All of the
PGA felt had dissolved by the time of sacrifice. At the
wrapped site, the fibrous encapsulation of the aorta was
observed.
The thickness of the media. Transmural sections of
the wrapped site of the aorta were stained with EM at 3
months (Fig 2, A to D). In the PTFE group, derangement
and diminishment of elastic fibers was observed at the
media. The thickness of the media of the PTFE, PGA, and
PGA bFGF groups was 66% 5%, 81% 3%, and 85%
6 % of control, respectively. The thickness of the media of
the PTFFE group was significantly lower than that of the
PGA  bFGF group (P  0.05) (Fig 2, E).
The adventitia-media ratio. The adventitia-media ra-
tios of the groups were PTFE, 0.36  0.07; PGA, 1.05 
0.04; PGA  bFGF, 1.15  0.10; and control, 0.61 
0.06. The adventitia-media ratios of the PGA and PGA 
bFGF groups were significantly higher than those of the
PTFE and control groups (P .01). The adventitia-media
ratio of PTFE group was significantly lower than that of the
control group (P  .05) (Fig 2, F).Collagen-smooth muscle ratio in the media. The
collagen-smooth muscle ratios in the media of the groups
were PTFE, 0.14  0.02; PGA, 0.11  0.01; PGA 
bFGF, 0.10  0.02; and control, 0.07  0.01(Fig 2, G).
The collagen-smooth muscle ratio in the media of the
PTFE group was significantly lower than that of the control
group (P  .01).
Vessel density in the adventitia and the media.
Representative photomicrographs of the adventitia are
shown in Fig 3, A to D. There were more capillaries and
arterioles in the adventitia in the PGA bFGF group than
in the PTFE, PGA, or the control groups (untreated aorta)
(Fig 3, E). The number of vessels seen in the adventitia of
the PTFE group (6.4 0.8/mm2 ) was significantly lower
than in the other groups: PGA, 19.0  1.1/mm2; PGA 
bFGF, 29.6  2.5/mm2; and control, 14.2  1.2/mm2.
The vessel density in the media did not differ significantly
among the groups (PTFE, 0.46 0.09/mm2; PGA, 0.60
0.15/mm2; PGA  bFGF, 0.71  0.12/mm2; and con-
trol, 0.58  0.09/mm2).
Failure force and failure stress. The failure force
levels of the groups were PTFE, 1.6 0.3 kgf; PGA, 2.9
0.3 kgf; PGA  bFGF, 4.0  0.9 kgf; and control, 2.1 
0.3 kgf (Fig 4, A). The failure force of the PGA  bFGF
group was significantly larger than that of the PTFE and
control groups (P  .01), and the failure force of PGA
group was significantly larger than that of the PTFE group
(P  .05).
The failure stress levels of the groups were PTFE, 5.3
0.9 102; PGA, 11.2 1.2 102; PGA bFGF, 11.7
1.7  102; and control, 6.2  1.0  102 kPa (Fig 4, B).
The failure stress of the PTFE group was almost equal to
the control group. The failure stress level of the PGA 
bFGF group was significantly larger than the levels for the
PTFE and control groups (P .01), and the failure stress of
PGA group was also significantly larger than those of the
PTFE and control groups (P  .05).
DISCUSSION
We examined the pathohistologic and biomechanical
changes that occurred in the aortic wall wrapped with three
different kinds of felt strips.We revealed that the pathologic
alterations in the aortic wall wrapped with PTFE felt were
associated with a reduced thickness of the media and the
adventitia as well as diminished vessels in the adventitia. Fur-
thermore, we demonstrated that the PGA felt with or with-
out bFGF modified these histologic changes and that the
vessel-rich thickened adventitia after wrapping by PGA with
bFGF was associated with increased aortic wall strength.
This wrapping method has been widely used to obtain
hemostasis and reinforcement of the anastomotic site.19
Once the tissue healed completely at the anastomotic site,
however, the effect of hemostasis and reinforcement in-
duced by the felt strip was no longer necessary. Namely, the
usefulness of the wrapping method with PTFE felt strip is
limited to only a short period of time. Kinefuchi et al2reported that an application of nonbiodegradable felt for
ean 
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of compression.2
In our study, the thinning of the aortic wall wrapped
with PTFE felt was compatible with their results. The
mechanisms of the aortic wall thinning were speculated to
be compression and local ischemia. We demonstrated that
PTFE felt caused a decrease in the number of adventitial
vessels and an increase of collagen in the media at the
wrapped site. It is well known that anoxia is a potent
stimulus for collagen synthesis, so the increase of collagen
in the media would be associated with the decrease of the
vessels in the adventitia.
To prevent compression, we attempted to use PGA felt
as an alternative. PGA felt was made from biodegradable
material, and this strip was hydrolyzed under in vivo con-
Fig 2. A toD,Histologic sections of the aortic wall at th
40, elastica-Masson staining; scale bar, 200 m) Nonw
(PTFE) felt (B), polyglycol acid (PGA) felt (C), and PG
(M, media, AD, adventitia). E, The thickness of the med
of the media was expressed as the percentage of control.
the 3-month interval was calculated by the relationship
adventitia and Am is the cross sectional area of the med
wrapped site after 3-month intervals. The collagen-smoo
that of the control. Data in E, F, and G are shown as mditions. The strength of PGA felt decreased by half afterabout 10 days and fell below the measurable level by about
1 month.20-21 The felt strip became thoroughly hydrolyzed
at 3 to 4 months under in vivo conditions.20-21 In fact, we
confirmed the complete disappearance of the PGA felt at
the time of sacrifice in our model. We infer from this that
using PGA felt prevented the thinning of the aortic wall
because it dissolved and compressed the aorta at the
wrapped site for only a short time of period.
The reduction of the adventitial vessels and the thin-
ning of the adventitia as observed with PTFE felt were
prevented by using PGA felt with or without bFGF. It is
well known that inflammation induces the neovasculariza-
tion and increase of collagen fibers. Inflammatory processes
created by the absorption of PGA felt would make the
adventitia thick. Indeed, we observed that the adventitia of
pped site after a 3-month interval (original magnification
ed site (A), the site wrapped by polytetrafluoroethylene
with 100 g basic fibroblast growth factor (bFGF) (D)
the wrapped site after 3-month intervals. The thickness
e adventitia-media ratio (AMR) at the wrapped site after
 Aa/Am, where Aa is the cross sectional area of the
, The collagen-smooth muscle ratio in the media at the
uscle ratio of PTFE group was significantly higher than
SEM.e wra
rapp
A felt
ia at
F, Th
AMR
ia. G
th mPGA with or without bFGF increased compared with the
ean 
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titia of PGA with bFGF increased rather than the control,
no statistical significance was noted between the PGA
group without bFGF and the control group.
Although bFGF is known to be the one of the powerful
angiogenic growth factors, the biologic effects of the growth
factor in its free form are limited because its half-time in vivo
is considerably too short.22 Tabata et al23 reported that
gelatin hydrogels made it possible to control the release
of bFGF,23 and the usefulness of bFGF-incorporating gel-
atin hydrogels have been proved in various experimental
settings.24
The difference in vessel density between the two PGA
groups depends on bFGF. The direct relationship between
the increase of the vessel number and the prevention of the
thinning phenomenon on the aortic wall needs to be fur-
ther illustrated. Literarily, local injection of bFGF into
infarcted myocardium exerted angiogenesis, and angiogen-
esis was associated with thickening of myocardial tissue.14
Moreover, neovascularization enhanced tissue healing in
Fig 3. A to D, Immunohistochemical staining of aorti
using antifactor VIII antibody. Micrographs (original ma
adventitia of the aortic wall. Control group (A), polytetra
felt group (C), and PGA felt with 100 g basic fibroblast
group, angiogenesis was accelerated. E, The vessel den
interval expressed as the number of vessels per mm2. In
vessels were seen in the adventitia. Data are shown as mmodels of wound healing.25-26 In our canine model withaortic wrapping, adventitial neovascularization is consid-
ered to be closely linked to the prevention of the aortic wall
thinning.
We measured the biomechanical properties of the aor-
tic wall at the wrapped site. To evaluate the wall strength of
the wrapped site, a tensile test was performed. Our results
indicated that the failure force of the PTFE felt group
showed a tendency to be weaker than the control group. Of
note, the groups with PGA with or without bFGF demon-
strated twofold of failure stress compared with the PTFE
group.
To our knowledge, few data exist in the literature on
the relationship between the histologic changes and the
mechanical properties of the wrapped aortic wall. Some
reports, however, have described the relationship between
the histologic changes and the mechanical properties of the
aneurysmal aortic wall.27-29 Vorp et al27 measured the
biomechanical properties of the aneurysmal ascending tho-
racic aorta and compared them with those of nonaneurys-
sections at the wrapped site after the 3-month interval
cation Å100; scale bar, 100 m) show new vessels in the
oethylene (PTFE) felt group (B), polyglycol acid (PGA)
th factor (bFGF) group (D). In the PGA felt with bFGF
n the adventitia at the wrapped site after the 3-month
GA with bFGF group, a significantly larger number of
SEM.c wall
gnifi
fluor
grow
sity i
the Pmal tissue. They indicated that the aneurysmal ascending
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stiffer than the nonaneurysmal ascending thoracic aorta.
The biomechanical behavior of arterial tissue is gener-
ally attributed to the status of the structural proteins present
in the aorta. Elastin provides distensibility and recoil at
lower pressures, and collagen provides tensile strength and
stiffness at higher pressures.30 A loss of elastic fibers and
derangements in collagen cross-linking are associated with
the formation of aortic aneurysms.31 The wall strength of
the PTFE felt group showed the tendency to decline after 3
months (Fig 4, A). The tensile tests to determine the failure
force and the failure stress were conducted with the PTFE
felt attached to avoid an injury to the aortic wall during
dissection. This might be a reason that we could not detect
a statistically significant decline in the aortic wall strength
despite the pathohistologic deterioration after wrapping
with the PTFE. Otherwise, the adventitia is important as a
supportive component, and it contributes to the aortic wall
strength. The increase of wall strength of PGA with or
without bFGF would depend on the increase of the adven-
Fig 4. A. The failure force of the aortic wall at the wra
group with polyglycol acid (PGA) with basic fibroblast
polytetrafluoroethylene (PTFE) and the control groups.
the 3-month interval. No significant differences in stress
failure stress of the PTFE group was significantly lower th
and B are shown as mean  SEM.titia.Regarding the difference in histologic properties be-
tween the two PGA felt groups with and without bFGF, the
failure force or the failure stress did not differ statistically,
although the failure force tended to improve when bFGF
was incorporated (Fig 4, A). The additive effect of bFGF on
the mechanical properties of the wrapped aortic wall might
be significantly augmented if a larger dose of bFGF were
applied. We selected the bFGF dose based on animal ex-
periments withmice, rats, and rabbits as reported by Tabata
et al.14,15,32 The appreciable effects of bFGF on mechanical
strength of the wrapped aorta might warrant further studies
on a dose-response relationship in a large animal model.
CONCLUSION
We demonstrated that wrapping with PTFE felt ad-
versely influenced the aortic wall structure, resulting in a
reduction of the tunica media and adventitial thickness and
diminished adventitial vessels. Second, the biodegradable
PGA felt with bFGF favorably modified those histologic
changes in the aortic wall with subsequent improvement in
site after the 3-month interval. The failure force of the
th factor (bFGF) was significantly larger than those of
e failure stress of the aortic wall at the wrapped site after
e were seen between the PTFE and control groups. The
ose of PGA with and without bFGF groups. Data for Apped
grow
B, Th
failur
an ththe aortic wall strength. The PGA felt with bFGF is prom-
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if a reduction in the aortic wall thickness and vessel density
at the adventitia can dictate the formation of false aneurysm
during long-term follow-up in the clinical setting of aortic
surgery using nonbiodegradable felt strips.
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